INTRODUCTION
High-efficiency, lightweight, radiation-resistant solar cells are essential to meet the large power requirements of future space missions. Such solar cells are being developed, and presentday laboratory results are quite promising. However, single-junction cells are limited in efficiency.
Large-area silicon cells (8 by 8 cm) to be used in the solar arrays for the Space Station Freedom are on the average 14.5 percent AM0 efficient and have achieved efficiencies as high as 15.4 percent AM0 (Khemtong et al., 1989) . Currently, gallium arsenide (GaAs) single-junction solar ceils have the highest energy conversion efficiency, and some test cells have flown successfully on various space flights.
GaAs cells (4 cm 2) have achieved 1-sun efficiencies exceeding 21 percent AM0 (Bertness et al., 1989) and 25.1 percent AM0 at 333 suns, respectively, for 0.126 cm 2 Cassegrainian cells (Hamaker et al., 1988) . Their better radiation resistance would make them a strong candidate for future space satellite applications, if the cost could be brought down. Efforts in this direction have led to the development of GaAs cells on silicon (Si) and germanium (Ge) substrates. Fan and Palm (1983) performed a computer analysis to find the maximum achievable AM0 efficiencies in single-junction crystalline cells as a function of the material energy bandgap, as shown in Fig. 1 for various sun concentrations at 80°C. According to this figure, the optimally designed efficiencies at 1 sun are slightly more than 20 percent and for concentrations more than 500 suns are slightly above 25 percent. Efficiencies at 25°C would be correspondingly higher. Therefore, it becomes quite clear that one could not achieve efficiencies in the 30 to 40 percent AM0 range with single-junction devices alone.
Higher cell efficiencies could be achieved by more effectively utilizing more of the sunlight energy spectrum.
This could be accomplished through the use of more than one active junction of differentbandgaps in a solarcelldevice. In fact, asearly as 1955, Jackson (1955) suggested that the cell efficiency could be increased through the use of different bandgap materials, but because of the complexity and economic reasons_ the approach was not pursued. Moon et al. (1978) were the first to demonstrate this concept experimentally by using a spectral-splitting filter and a two-cell Si and aluminum gallium arsenide (A1GaAs) arrangement. They achieved an efficiency of 15.3 percent for a 1.9-eV A1GaAs top cell, 9.9 percent for a 1.4-eV GaAs middle cell, and 2.4 percent for a 1.0-eV InGaAs bottom cell at 80°C and 100 suns. The total tandem AM0 efficiency for this 0.2-cm 2 monolithic three-junction cell adds to 27.6 percent. Further developments are in progress to achieve 30 percent AM0 efficiency cells.
MECHANICALLY STACKED TANDEM CELLS
The approach of mechanically stacking one cell over the other greatly expands the range of materials useful for tandem cell configurations. Therefore, well-developed individual cell technologies could be combined to construct high-efficiency MS multibandgap tandem cells without worrying about interfering growth conditions, shorting layers, or matching the current of subcells. et al. (1989) reported the development of a self-supporting, transparent A1GaAs top solar cell, which could be stacked on any well-developed bottom solar cell, and they predicted that efficiencies in the range of 30 to 40 percent AM0 could be feasible with a concentrator system. Avery, J.E. et al., 1989 , achieved a remarkable 30.8 percent AM0 (25°C) efficiency at a 100-sun concentration by using mechanically stacked_ transparent GaAs and gallium antimonide (GaSb) solar cells. efficiencies, which will require more experiments on the effects of a space mission environment on the cells. The cell weight would also have a significant effect on the overall Space array cost.
DiNetta
High-efficiency, thin-film MS tandem multijunction cells offer a good promise toward higher power/weight and higher power/area solar arrays, leading to lower costs.
CONCLUSIONS
Monolithic and mechanically stacked tandem solar cells have been fabricated with encouraging AM0 effic_encies, which are summarized in Table III. (1) Significani improvements in tandem cell efficiencies nearing theoretleal predictions are projected with improvements in cell material quality and processing. Thin-film tandem cells offer improved specific power.
(2) More information is required to determine the effects of temperature and radiation on the performance of tandem cells.
(3) It is too early to decide which configurations would be preferable: monolithic (two or three terminals), mechanical stack (four terminals), planar, or concentrator. 
